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ON CONTROL-SURFACE TABS

By Paul E, Purser and Oharles il.Cook

SUMMARY

Various wind- tu,nneldata on ik,ehinge -mor.ent charac-
teristics Of control-surface tabs have been col,lec~ed arid
analyzed, The data, all of which me for pl~.in Unbalanced
tabs> were obtained from force t~sts of models in two-~.-
and three-dirne-nsional.t’Iowand from pr~ssul’e-distril>~ltion
measurements on,models in two-di.m~nsiontilflow. Some data

h. that show the effects of Maoh number on tab hinge moments
for representative conventional and NACA 6-series airfoil
sections are presented,

T& analysis indicated that present methods of esti-
mating the section values of the slcqe of’the curv~js of
control-sv:rface h!n~e w.oment plotted a~ai.nst ansjlbof
attack qlfa and against contrdl-surf~ce deflection ~hf5f

over small ranges of’an~le of attack and deflection co-old
be extended to chovd ratios small enough to include the
sIope Of tYIG curve of tab hi~l~e~~oment plotted against
angle of attack Chta. Sufftc’ient data were ilot available

to extend the o.nalysis to include the slope of the curve
of tab hf.ngemoment against tab deflection %tet> but

such.an extension should be _oossible mhon mor~ tab dat,a
are available, ~o values o? the slope of the curve cf
tab hi.n,~cmoment “plot’;cdagainsi contvo~.-su.~facedoflec-
‘ti’3ncjl~5. were found to depend upon the ratio of tab

chord to ccntrol-surfac~ chord Ct/cf$ upon the ratio of

control-surface chord to airf~>il chord cf/c, UPOll tho

control-surface trailing-cd.ge antiupon tho
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condition of the gaps at the tab and control-surface hinge
lines, An analysis of approximate aspect-ratio correc-
tions (clerivedfrom lifting-line the~ry) for correcting
the section values of cht~lm to i’inite-span values indic-

ated that the correction depenied upon c#c and ct/cf
as well as upoq aspect ratio.

The data available were not sufficient to allow accu-
rate determinations of all the various factors affecting
the differences between section and finite-span values of
the tab hi,nge-moment parameters; thus the desirability of
obtaining more tab hinge-moment data on finite-span models
at larger values of Mach number and of obtaining more
complete aspect-ratio corrections to tab hin~e-moment
characteristics is indicated.

Zn an effort to provide satisfactory ,methods ~or
predicting control-surface characteristics, the NACA has
undertaken a program of summarizing, analyzing, and corre-
lating the results of various experimental investigations
of’ai~plane control surfaces. This profiramhas provided
collections of aileron and tail-surface test data (refer-
ences 1 and 2), analyses and correlations of the hinge-
moment characteristics of contrcl surfaces with internal
balances, plain-overhang and Fr5,sebalances, beveled
trailin~ edges, shielded and ufishieldad horn bnl.antes and
ta;os (references 3 to 8) , and WI analysis of the lift
effectiveness of control surfaces (reference ~) .
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COEFFICIENTS AND SYMBOLS

ai.ri’cil section lift coefficient (2/’qc)

flap section hinge-moment coefficient (hf/Wf2)

flap hinge-moment coefficient (Hf/qbf6f2)

tab section hinge-moment coefficient (W&)

tab hinge-moment coefficient (Et/qbt~t2 )

(IL - ~~)
resultant pressure coefficient

c1 )

airfoil. section lifi

flap section hinge moment

flap hinge moment

tatIsection hinge

tab hinge moment

free-stream dynamic pressure

airfoil section chord

flap section chord behind hinge line

root-mean-square flap chord behind hinge line .

tab section chord behind hinge line

root-mean-square tab chord behind hinge line

flap span

tab span
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static pressure on upper surface of airfoil

stat5c pressure on lower surface of airf’oii

root-riean-square chord 01 portion of flap spanned
by tab

angle of’attack for ir.fini.teaspect ratio, de~rees

angle of’attack, degrees

d,ef’lectionof’flap with respect to airfoil, degrees

deflection of tab ‘withrespect to flap, degrees

trailing-edge an~le, an~le incl~~~ed between upper
and L3wGr surfaces at airfoil trailing edge,
3eBrees

aspect ratio (b2/s)

Jonest edge-velocity Actor (reference 12)

taper ratio

section tab

f:nite-span

\Root chortj)

hinge-moment constant

Tab hinge-morlent canstant

chordwise location of pressure vent m,easured from
airfoil nose

turbulence factor for tunnel

Reynolds number

Mach number

wins span

spanwise l.ocati.onor tab measured from wing root
to inboard end of tab

spanwise location of’tab measured from wing r~ot
to outboard end of tab

*
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Derivatives:

The subscripts outside of the parentheses denote the
factors held constant when the derivative was taken.



ACh~LS M.fttng-surface theory correction to Chta
or Chfa

Subscript:

(y = (j) value of’tb.eparamster at zero tral?!ing-edge
angle

The terms ‘~flapt~an,iticontrolsurfaceltare used syn-
onymously as a general expression for any movable control
surface such as a rudder} elevator, or aileron.

IMTA AND SCOPE

The data upon which the analysis is ‘basedwere
obtained from references 7 and 13 to 23, as well as from

. .
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unpublished results of tests made at the Langley and
Ames laboratories, The test conditions covered were for
models in lm~o-and three-~mensl+onal flow for a ran.~~eof
angles of attack aqd flap Qr tab deflection of about f~~”
or *50. The geometry and ether pertinent data for the
various models are summarized in tables 1, 11, and 111.
The ranges of the various geometric ~arameters covere~~by
the mod;ls are ~’sted in the followifig table:

~ Type test
I

Section
pressure
distribution

Section
force

rFinite-spanforce

See
table
.—

1

11

111

-t

1

-4--
“--- --.”

..

----- --p-
.,

2,41 [1.00

1 Airfoil
+ ct/cf ~~hickness

0010 0,10 0.09C
to to to

0.50 1.00 0.16C

0.18 ‘o.20 O009C
to

0:;0 0% 0.18C

0.17 !0.20 o.o/3c
to,‘ to .I-Uo ,,

O.hl[o,hl 0’.M3c

METHODS OF ANALYSIS

General Approach ,’ .,
,, ,“
,, ,.

Derivation of chta and ch~5t *- In’order to deter-
-.

mine ~m.e lo,gic.alapproac~n to the problem,.of correlating
tab hinge,-tiomentcharacteristics, a study w,asmade of’a,.
previously derived analys,isof Ch~’a and chf5f (“refer-

ence 24.). It was found possible. to exteqd the analysis
of reference 24 to chord ratios small enough to include
tab hinge-moment characteristics (Cht~

and Chtbt)”

The results of the analysis of reference 24 (w~hichsuper- ;
sedes that of reference ~) indicated that chord ratio cf’/c

(or et/c) and trailing-edge angle ~ were the primary
geometric parameters affecting chf’a (or chta) and Chfbt

(or cht5t)0 The results can be expressed by the following

formulas~
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or

and

or

with

Ileri.vationof cht~f .- The analysis af Cn4-
Um

(1)

(2)

‘began

a study of vaiues of %af derived fror. the experi-

mental data of references 13 to-16 (corrected for turinel-
wall effect) and siinilardata derived from Glauert~s thin
airfoil theory (reference 25) as extended b:fPerr%rig
(reference 26) . Tb.ederi~atioriswere made by personnel
of the Langley Stability Tunnel Section for use in pre-
paring reference 27. The study indicated th~t a series
of straight lines would res’ultif Cht~f were plotted

end point. Such plots permitted derivation of the forfilula

()
\

%bf = chf5f +kl-fi
Cf

J

.“

where k was a constant for a givm value of cf/c and
was about 10 percer,t lower far the experimental NAGA OQO~ “-.

airfoil data than for tk~ethin-airfoil-theory data.

:,.
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Specific Approach

Pressure-distribution data.- The pressure-distribution
data 5?763?3rences 13 to 18 and unpublished data taken at
the Langley ~.abOratOry were plotted, in terms of the pres-
sure slopes Pa, Pbf Y and Pat against pressure vent

locations x/c● The plots of Pa were integrated about
various chor”dwise axes to give values of chfa (or ch~a)

and plots of P~ were integrated about the flap (or tab)

hinge axes to give values of
(‘hfDf ‘r ch@t )

for

various values of cf/c (or et/c). The values of Chffl

(or ~ht~)
and chfbf @r chtbt~ were then plotted -

against trailing-,edge an@e ~ I’ort-he,givenvalues
of cf/c (or et/c) awiithe resulting curves extra-

polated to ~ = O to obtain

and %fb(g=o ) (or Chttl(g=o

were also measured to obta5.n

(or ?$&)

chfwg=o) (or chtq@=o))
The slopes of the curves

‘)> (oZ “~~~ and “>f

Integration of plots of J%f about axes other than

the flap hinge axis,provided values of cht~f for various

values of ct/cf for each value of c#c for which data
were available. The resulting values of chtbf were

plotted against ct/cf and values of k were obtained
from the slopes of these curves.

section force-test data.- The Values of chfa> chta>

chfbf> cht6t~ and chtbf obtained from references 19

to 25 and some unpublished data from the Langley Laboratory
were used in the same way as the hinge-moment slopes
derived from the pressure-distribution data. Individual
values of k derived from the force-test data were more
subject to error than those derived from,pressure-
distributi~n data because with force-test data there were
only two test points through which to draw t~ieline the
slope of which defines k; whereas with th+ pressure-
distrfbution data, as many as ten test paints were some-
times available.
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Finite-span data.- The finite-span data from.refer-
ence ~ and sorieunpublished data were used to provide
~i~easuredvalues of Chta and Cht5t with which tc com-

pare calculated values. The calculated. values of ch~a

and Cht5t were obtained from the f’ollcwing empirically

l-cerived.equations:

and

..

. .

where values of ~ChtaLS can be obtained from refer-

ence 27;
a~qg=o)

can be obtained fram reference $, and

the other factors can be obtained f’rom the present report.

The finite-span data were also used to obtain values
Qf chf~f and Cht6f frol~ which to derive v~lUes of K

for use in the formula

(6)

It should. be noted that rnadels 13, 14, and 16 of

table 111 had balanced flaps. pc.r t;~esemodels Chffif

was computed b~~subtracting frorlthe test data an incre-
ment in Chf5f caused by the balance as computed by use

.

.-
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of’reference 4 for models 15 and 1,4and from measured
balance-chamber pressures for model 16.

So few f’inite-span data were available that, in an
attempt to extend the usefulness of the data, aspect-ratio
corrections were derived by means of Iifting-li.ne theory
to permit conversion of the section k to finite-span K.
The formula for tlieconversion was

A
P-E+ 2

K=k+ a~f (Chta - chfa
)

(7)
Zt

l-—
~f 1

which indicates that K varies with aspect ratio and tab
chord; whereas k vari~d with flap. chcrd and trailing-

.k. edge angle. This effect of tab chord means that the
cl~rvesof

Chtbf plotted against c#cf are not straight

lines as,were the curves of’ Wltb against-. ct/cf and
.f

that K rather than being the slope of the curve (as
was k) is the slope of a strai~ht line drawn from Chfbf

Ct
at - 1.0 and intersecting the curve at the valueT~ -

of ct/cf under consideration.

RESULTS AND DISCUSS1ON

Correlation of Section Data

Values of chta and ‘%tet ●
- The results of the

correlations of-
cl’ta (or Chfa) and Chtbt “for ChfGf)

are ~resented in figure 1 as plots of /%’dChta “d ,
Ch::a;f::: ‘

Ch%t(d ~)’ and d~htbt f@ against et/c ●

=
The da’tafrom which figure 1 was derived were obtained
under a variety of conditions; but in all cases the tab

..- and flap gaps were sealed and in most cases the combina-
tion of Reynolds number, surface condition, and stream
turbulence was such that boundary-layer transition was

,* quite probably located at or ahead or 0,30c, The resulting



scatter c.fdata was such.tlmt, in reference 2~.,the x,ean
curves from which figure 1 was derived were within *C).GO1
of the experimental values of chfc and Chf~f in most

cases. Although few data were available far the chord.
ratios usual for tabs the data in fi;~ure 1 SLOUICIallow
~irfii~arlyaccurate esti~.ations of c~lt~. ~or cht~ts

h~wever, sufficient data were noc available for such an
ext.ension,but it is believed that tb.enlethod of refer-
ence 2~ may be used as a guide for additional analysis
us ,more tab data become available.

Values of cht~r.- Values of k required in com-

,.

.

T3utincj wlt~f from equation (3) are presented i.nfigure 2

as plots of k against cf/c ft>rvarious trailing-edge
angles and flap and tab-~an conditions, These data snow
s.considerable amount of.scatter; cofisequently~ values .’

of k for given values of c-f/c and c~ndltions of .ga;os 4,

were plotted against trailing-edge angle .
$

From these
cross plots were obtained. values of &,/d of’ 0,CGO08
far sealed gaps and C).0C02t2far ~pen ~aps. These val~~es

,.

of dk/d@ were used to reduce the k-values of .Fi&ure.2
to zero trai,ling-edge angle and the resulting data are
plotted in f’igure3. ‘Yb-edata indicate t~i~t as the gaps
at the flap or tab hinges are opened and as t,ketraili,nS-
edge an~le is reduced, the values of k be:o~e smaller,
WhlCh indiCates that the va~UeS Of Chtfifand chc more~6f
nearly a?qmoach equality. The same trends are illustrated
in figure L which nresents plots of cklt~f against ct/’cf
fr~rsealed tabs gn ~~en and sealed plain 0.3~c f~ap~e
The plots of figure ~:also indicate that a straigh~ line
(constant value of k) represents the data fairly well
fcm val:jesof ct/cf as lcw as 0.20 with gap sealed ev~n
w’nen the flap is equipped with a pronounced bevel. TkiS
result is ty)qicalof the plots derived from pr&ss-ure-
distribution data.

Correlation of Finite-Span Ilata

Values of Chta and Chtfit.-TT-.ecompari.sonsof

measured values of Chta and Cht6.b with values ccmputed

fr.]mequations (~.)and (5) are shown in figure ~. The
,available data indicate generally satisfactory ~@’t?6?~Lent

between measured and comput9d values of Chta* For Chtot,

.. ,

-,



however, i10lifting-surface theory corrections are
available at present and consequerltly the computed values
are considerably more negative than.the measured values
and also sho?vmore scatter than do the values of’ Cilta.

Values of Chtbf .- Values of K (equation (6))measured

from the finite-spmdata are plotted against ~fT/~ in

figure 6. Strictly sPeakin~, the faired line should not
appear on figure 6 since all the test points are not for
the same aspect-ratio. The line is shown nowever to
indicate more clearly the ranges of K and ~f f/c for

%nce values of Kwhich test data exist. co,mputedfrom
section data by lifting-~ine theory (equation(7)) show a
disagreement with the measured values (fig. 7(a)) there
is evidently an additional lifting-sl~rface-tlieorycorrec-
tion, the value of which 5.sas ‘yetunknown. In the

,*. absence of exact values for such corrections the dj.ffer.
ences between the comp~ted and measured values of K were
plotted against aspect-ratio, and an empirical correction

.. e AK = 0.0025 (A - k.5) was derived. This AK should
& added to tke value of K computed by lifting-line
theory (equation (7)). The resulting equation is

A
AE+2

K=k+

(

%f @htu - chfa) + 000025 (A - L~*5) (p)
~-t)

l-q+
.

Values of K computed fror~equation (8) are plotted
against measured values of K in figure 7(b). In this
case the agreement is improved and it is thus believed
that equation (8) presents a correction for K that is
acceptable until more complete lifting-surface-theory
computations are made or until more finite-span tab data
become available for use in deriving a better enipirical
correction.

“Effects of Mach Number
..

.,-

At present very few data are avai.la”~leto show the
effects of Mach number and Reyholds number on tab hinge.
moment c’naracterfstics* Some information, however, has
been obtained from pressure-distribution data presented



~!,

in reTerence 17. Increments

increese in Mach number from .,
~ealed ta-~~cn QC20C open-gap ba~&ced flips On
NACA 66(215)-216 and NACA 2301Z airfoiis are sfiQwnin
figure 8. These data indicate slightly more ne~ativ~
increments in Chta as the tab chord is reduced and
considerably m-ore-negative increments as the traj.ling-
edge angle is reduced for this particular case where thiere

were open gans through the airfoils some distance ahead
of’the tab hinge lines.

Values of the tab section hinge-moment constant k
derived from the pressure-distribution data of refere-
nce 17 are presented in figure 9. These data indicate
a decrease in k as the ]fiachnumber is in,meased with
the greatest decrease in k occurrin~ for tke se~led
internal-balance I’lap on the ]TACA66(21.5)-21~ airfoil.

CONCLUDING REMARKS

The analysis of available tab Mnge-riment data
obtained in two- and three-dimensional ~crce tests and
in two-dimensional pressure-distribution tedts indicated
that present methods of estimating the rate of change of
flan section hinge-moment coefficient with angle of att~ck
and-with flap deflection could be extended, over small
ranges of angle of attack and flap deflection, to ckord
ratios sw~allenough to include the rate of change of tab
section hinge-moment coefficient with angle of attack.
Indications are that the method can be extended to include
the rate of change of tab section hfnge-moment coefficier.t
with tab deflection when more tab data are available. The
analysis indicated that available li~ting-surface theory
corrections for the rate of change ‘of tab hinge-moment -
coefficient with angle of attack will allow rcasonal?le
accuracy in converting section data to finite-span data.
Wlithre~ard to the rates of change .oftab hinge-m~rrient
coefficient with tab deflection. and with flap deflection,
however, either lifting-surface computations should be
made or more data should be obtained in order that cor-
rections (either theoretical or empirical) ;naybe derived
far these derivatives. Some data are available and have
keen presented concerning Mach number effects on tab hinge
moments but they are so limited as to be practically use.
15ss for design purposes; consequently, it appears quite

+

,,
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TABLE 1.- INFOPA!ATIONREGARDING PREBSURE-DISTRIBIITION-TEST

MODELS IN TNO-DIMSNS1ONAL FLOIV

—

!al

w)

o

—

o

—

o

—

o

—

o

.planfom

—

FlaP
cf/c gap

.10 to 0.50 0

0.20 0 and
0.0055(

$
(degj

11.6

Air-flow
chmacterlstlcs

Ublisbed
,eferenoe,dal ymbol

El
EL.—-—-
43.—-—-
rl-—.—-

R ❑ 1.77 X 106
M = 0.09
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